Background: Increasing numbers of systematic reviews evaluating the diagnostic test accuracy of technologies are being published. Currently, review teams tend to apply conventional systematic review standards to identify relevant studies for inclusion, for example sensitive searches of multiple bibliographic databases. There has been little evaluation of the efficiency of searching only one or two such databases for this type of review. The aim of this study was to assess the viability of an approach that restricted searches to MEDLINE, EMBASE and the reference lists of included studies. Methods: A convenience sample of nine Health Technology Assessment (HTA) systematic reviews of diagnostic test accuracy, with 302 included citations, was analysed to determine the number and proportion of included citations that were indexed in and retrieved from MEDLINE and EMBASE. An assessment was also made of the number and proportion of citations not retrieved from these databases but that could have been identified from the reference lists of included citations.
Background
Increasing numbers of systematic reviews evaluating diagnostic technologies are being published in the field of Health Technology Assessment (HTA). In response to the needs of policy-makers in this field, in the last years, the National Institute for Health and Care Excellence (NICE) has established a Diagnostics Assessment Programme and a Diagnostics Advisory Committee, having run a pilot project to develop methods in this area [1, 2] . Systematic reviews or individual studies of diagnostic test accuracy usually compare an index test with the best available test or current standard procedure for making a diagnosis. The methodological challenges of undertaking systematic reviews of diagnostic accuracy studies are well known and have been extensively discussed in the academic literature [3, 4] . Searching for and identifying evidence is one challenge when undertaking such a systematic review. Search filters, including validated filters, are available from various sources, but their use is now not recommended by some organisations because the results from applying these filters are variable [4, 5] . This is due in part to inconsistency in the reporting and indexing of papers. Consequently, diagnostic study filters compare less favourably with other search filters, e.g. for Randomised Controlled Trials [4] . The Cochrane Collaboration Diagnostic Test Accuracy Working Group is working on the publication of diagnostic test accuracy systematic reviews within the Cochrane Library and recognises the challenges of searching for diagnostic studies. The Cochrane Handbook for Systematic Reviews of Diagnostic Test Accuracy has a chapter on searching for studies, which recommends that "a range of databases be considered for searching", including MEDLINE, EMBASE and regional databases (to account for the differing disease prevalence within different geographical regions) [6] .
Within the information science community, there is a growing interest in search efficiency, in particular whether it is possible to identify the same sample of included studies for a systematic review by searching fewer databases than the traditionally large number deemed necessary [7, 8] . This perhaps inevitable move has been driven by several factors, including the improved indexing and searching capabilities of databases and the need to produce high-quality reviews within time and resource constraints [9] . Consequently, it has been argued that a well-structured search undertaken in only two or three databases (supported by additional methods to identify evidence, such as reference list checking, citation searching, contact with manufacturers and experts) might identify evidence more efficiently than a similar search undertaken in more databases [7] .
Recent research evaluated whether searches for studies of diagnostic test accuracy for systematic review and meta-analysis could be limited to MEDLINE alone [10] .
Appraising 44 reviews of diagnostic test accuracy studies containing 76 meta-analyses, the authors found that in 65 of the 76 meta-analyses (85.5 %), all of the studies were identifiable in MEDLINE. Of the remaining 11 meta-analyses, 87.5-99 % of the studies were identifiable in MEDLINE. Therefore, the authors suggest that extensive searching in databases other than MEDLINE has minimal effect on the identification of studies for inclusion in diagnostic reviews. However, this conclusion assumes that the actual searches undertaken in MEDLINE for all 44 reviews would have had 100 % sensitivity: that is, they would have retrieved all of the relevant studies indexed in that database. In a separate study by the same authors, statistical tests were also undertaken on a subset of those meta-analyses for which not all included studies were indexed in MEDLINE. This found that the omission of any of the "missed" studies would not have impacted on the basic findings of that sample, though precision might be slightly affected [11] .
An earlier study [12] sought to estimate the yield of searches for studies of diagnostic test accuracy across seven different databases by re-running the searches as they were described for eight specific systematic reviews. Taking the included studies from these reviews, the authors created a gold standard set of included studies (n = 522) and then categorised them as follows: 1) being indexed in the databases and retrieved by the published searches as they were described; 2) being indexed in the databases but not retrieved by those searches; and 3) not being indexed in any of the databases. The study found that no search identified all of the included studies in the gold standard set for any one of the eight reviews-even across all seven databases; that more than 20 % of the studies in any review were not identified by the search of MEDLINE (EMBASE, Science Citation Index and BIOSIS all contained studies that were not in MEDLINE); that another 22/522 were not retrieved from any of the seven databases using the reported searches, and that 8/522 studies were not indexed in any of the seven databases.
Given the different findings of these two studies [10, 12] (i.e. the potential value of MEDLINE alone vs the requirement to search multiple databases), there is a strong case for further exploratory research in the area of searching for diagnostic test accuracy studies for systematic reviews.
The aim of this study is therefore to examine whether it would be worthwhile to limit searching for diagnostic test accuracy studies to MEDLINE and EMBASE alone (rather than searching a longer list of databases), along with the standard systematic review supplementary technique of checking the references of included citations and relevant reviews. This is the proposed strategy. MEDLINE and EMBASE have been chosen as they are the two major general bibliographic databases in the health sciences and have been found to be the most important sources of evidence in Health Technology Assessment [13] . They are routinely recommended as a minimum for searches by bodies such as the Cochrane Collaboration [6] and NICE [1] , and they are the databases with the majority of published search filters. The addition of reference checking, as a supplementary method, is also being assessed because it should be a standard technique to identify literature in all systematic reviews but its value as a search strategy has not yet been evaluated by previous research into systematic reviews of diagnostic test accuracy.
The specific objectives of this study therefore are to analyse a convenience sample of systematic reviews of diagnostic test accuracy studies in order to: 1) identify which citations were indexed on MEDLINE or EMBASE; 2) to identify the number and proportion of citations that were retrieved by the MEDLINE and EMBASE search strategies reported for these reviews; 3) to identify the number and proportion of studies that could have been retrieved by the searches of MEDLINE and EMBASE plus reference checking of studies identified as relevant (any that could not be found by this proposed strategy are referred to as "missing" citations); and, finally, 4) to detail the reported search strategies and consider implications for literature searching for systematic reviews of diagnostic test accuracy.
Methods

Identification of reviews and included citations indexed on MEDLINE or EMBASE
We used a convenience sample test-set of nine Health Technology Assessment systematic reviews of diagnostic test accuracy undertaken at one centre: the School for Health and Related Research (ScHARR) at the University of Sheffield, UK. We selected these reviews because the authors work at the same centre and were therefore able to access full details of the searches. This represented all of the diagnostic reviews undertaken for the National Institute for Health Research (NIHR) HTA and NICE programmes by this centre. These reviews were published between 2004 and 2014 and covered topics ranging from neonatal screening to diagnostic tools for breast cancer, heart and liver disease and stroke [5, [14] [15] [16] [17] [18] [19] [20] [21] . For each systematic review, we identified the included citations and searched for them to ascertain whether they were indexed in MEDLINE and/or EMBASE regardless of whether they had been retrieved by the reported searches.
Identification of included citations retrieved from MEDLINE and EMBASE by the reported search strategies
For each systematic review, we also identified the original MEDLINE and EMBASE search strategies either from the reports or from the in-house project folders. Where multiple search strategies were available, we chose the search strategy for the systematic review of diagnostic test accuracy (as opposed to modelling, prevalence etc.). We re-ran searches in June 2013 in MED-LINE (Ovid platform) and EMBASE using the original search strategies and date limits. The results were imported into EndNote X1. This permitted an assessment of the proportion of the citations in each review that were identified by the published searches of MED-LINE and EMBASE. The reports' original Reference Manager libraries were checked to identify the source of any included studies that were not retrieved by these searches of MEDLINE or EMBASE.
Identification of included citations not retrieved from MEDLINE or EMBASE
The reference lists of included citations retrieved by the searches reported for the respective reviews were also checked by one author (CC) to determine the proportion of non-retrieved citations that could still have been identified using this standard, systematic review searching method. Any citations that could not be found by the proposed strategy of searching MEDLINE, EMBASE and reference lists are listed as "missing studies".
The search strategies
Finally, we detailed the basic elements of the search strategies in terms of population and diagnostic test, plus any limitations such as filters, language and date. This enabled us to suggest reasons why included studies might have been missed by the reported searches of MEDLINE or EMBASE. Figure 1 describes the process.
Results
Characteristics of included reviews
We examined nine systematic reviews, published between 2004 and 2014. The total number of included citations was 302. The mean number of included studies in these reviews was 34 (range 15-51). A total number of 11 different databases were searched for evidence for the reviews. In terms of the number of databases searched per review, one review searched ten databases, five reviews searched a total of nine databases, two reviews searched eight databases and one review searched seven databases. All reviews searched a minimum of the following seven databases: MEDLINE, EMBASE, Central Register of Controlled Trials (CENTRAL), Cochrane Database of Systematic Reviews, NHS Database of Abstracts of Reviews of Effects (DARE), Health Technology Assessment (HTA) database and Web of Science (including the Science Citation Index and Conference Proceedings Citation Index). Cumulative Index of Nursing and Allied Health Literature was also searched for seven reviews, BIOSIS Previews for six reviews and PsycINFO and Health Management Information Consortium for one review each. See Table 1 .
Number and proportion of included citations indexed on MEDLINE or EMBASE
The nine reviews included 302 unique citations. Of these, 275 (91 %) were indexed in MEDLINE and 277 (92 %) were indexed in EMBASE (see Table 2 ). In any given review, the percentage of studies included in the review that were indexed in MEDLINE ranged from 72 to 100 % and in EMBASE ranged from 66 to 100 %. Across both databases, it ranged from 85 to 100 %. Across the 302 citations, 287 (95 %) were indexed in either MEDLINE or EMBASE or both. Of the 287 indexed studies, 265 (88 %) studies were indexed in both databases and so could have been found by searching just one of them: ten studies were unique to MEDLINE and 12 were unique to EMBASE. In five of the nine reviews, all of the included citations were indexed in either MED-LINE or EMBASE; in one review, only two citations were not indexed in either database; in two reviews, only four were not indexed; and in a single review, five were not indexed.
Number and proportion of included citations retrieved by the reported MEDLINE and EMBASE search strategies
The number of citations identified in MEDLINE or EMBASE using the reported search strategies for each review was lower than the number of indexed citations that could have been potentially identified (i.e. those indexed in MEDLINE or EMBASE but not retrieved by the reported searches). Across all reviews, the percentage of included citations retrieved by the published search strategies ranged from 60 to 100 % in MEDLINE and from 18 to 87 % in EMBASE. The proportion of citations found by the searches across both MEDLINE and EMBASE in the reviews ranged from 60 to 100 %. In total, the searches of MEDLINE and EMBASE identified 256/302 (85 %) of the included citations in these nine systematic reviews (see Table 3 ). The searches undertaken in MEDLINE and EMBASE found 100 % of the included citations in one review (Kaltenthaler [21] ) and only missed a single citation in two reviews (Simpson [15] , Sutcliffe [19] ); in five reviews, between five and seven citations were not found by the searches. Only the MEDLINE or EMBASE searches undertaken for one review, Holmes [5] , missed a sizeable number (14/51 = 27 %) of its included citations (even though all 14 citations were actually indexed in those databases, see Table 2 ).
Sources of citations not retrieved from MEDLINE and EMBASE using the reported searches
The reported searches of MEDLINE and EMBASE therefore failed to identify 46 out of the 302 total included citations (15 %) (see Table 3 ). Thirty-one of these citations (11 %) were indexed in either MEDLINE or EMBASE but were not retrieved by these searches. The number of citations not retrieved by the MEDLINE or EMBASE searches varied by review from 0 to 14. For all but one of the reviews, additional sources were used to locate the included citations in each review (Table 4) . The most common reported sources of citations not identified via MEDLINE or EMBASE was searching of One had not been fully published at the time of the report but existed as an "epub", but it would have been retrieved by the strategy Other databases that were a source of included papers were BIOSIS (3 papers), PubMed (1 paper) and CINAHL (1 paper). The four databases available via the Cochrane Library (CENTRAL, CDSR, DARE and HTA), plus PsycINFO and Health Management Information Consortium did not identify any unique citations for these nine systematic reviews of diagnostic test accuracy studies.
"Missing" citations
For the purposes of this study, an assessment was also made to determine the proportion of non-retrieved citations that could have been identified from the references of retrieved citations: an approach which should be part of any systematic review search strategy (Table 4 ). This assessment found that 24/46 (52 %) of these citations were in the reference lists of other included citations in their respective reviews and so should or could have Citations not retrieved by the reported searches of MEDLINE or EMBASE or included after reference checking of any of these retrieved citations or relevant reviews been found by this method. The proposed strategy of MEDLINE, EMBASE and reference checking therefore could have identified 280 (93 %) of the 302 citations included in the review sample. Consequently, there were 22/302 (7 %) "missing citations". Of these, 12/46 (26 %) were abstracts not indexed in MEDLINE or EMBASE so could not be retrieved by searches of these databases. The other ten citations (3 % of the total citations across all reviews) were eight standard journal articles, a book chapter and an unpublished study submitted by the manufacturer [14] .
Details of the reported MEDLINE and EMBASE search strategies
The MEDLINE and EMBASE search strategies were recorded in the reports. The strategies were all constructed following standard techniques, breaking-down the search into its constituent parts and combining them in an appropriate manner: population; diagnostic test (index test); and, in some of these cases, a published filter for diagnostic studies or other restrictions [6] . In every review, for each part of the strategy, both free-text and, where appropriate, MeSH terms were used. See Table 5 . None of the searches included terms for comparator tests (best available or current standard procedure) or outcomes. As a result, they were all arguably relatively sensitive searches. Some reviews applied few restrictions (and therefore achieved greater potential sensitivity) if the numbers retrieved were relatively small (e.g. [17, 20, 21] ). The final column of Table 5 also demonstrates that MEDLINE and EMBASE could be responsible for as little 40 % [14] or as much as 100 % [21] of the total retrieved citations that needed screening. These databases accounted for 76 % of the citations screened across the nine reviews. A sizeable number of citations (24 %) might therefore have been removed from the study screening process by reducing the number of databases: across the nine reviews, after de-duplication of records in the reference management databases, 13,883 citations were screened that were not retrieved from either MED-LINE or EMBASE and could only have generated, as a maximum, 18 out of the 22 "missing" citations (two were provided by a manufacturer, one was identifiable by personal communication only and one from Google).
Discussion
The sample of systematic reviews covered here searched between seven and nine databases although some of these databases are principally or exclusively index systematic reviews (CDSR, DARE and HTA) and so were unlikely to produce many individual diagnostic test accuracy studies. However, the reported searches of MED-LINE and EMBASE alone, plus the checking of the reference lists of relevant papers, would have accounted for 280 (93 %) of the total included citations across all nine reports and 100 % of the included citations in four of the nine reports ( [15, 16, 19, 21] ). In terms of indexed citations, the findings for MED-LINE (91 %) are similar to those reported by Van Enst and colleagues [10] . However, this percentage does not indicate what was identified by the searches that were developed and run for these particular reviews but only what could potentially have been identified based on the proportion of indexed citations. In the present study, the proportion of citations found by the actual searches across both MEDLINE and EMBASE in the reviews ranged from 60 to 100 %. Consequently, the evidence of this sample suggests that, on the whole, MEDLINE alone cannot be relied on to act as a single source database for systematic reviews of studies of diagnostic test accuracy. The reported searches were constructed according to standard principles, but more sensitive searches might have had the potential to identify all of the indexed and included citations in each of these four reviews and to miss only the 15 non-indexed citations across the other five reviews. Searches could have been made more sensitive by the addition of further keywords or free-text terms or the removal of certain terms or sets of terms: for example, the reports by Kaltenthaler [21] and Sutcliffe [19] did not use filters, and the former did not use terms for the population and the latter did not use terms for the index test (Table 5 ). However, a more sensitive search would have also increased the number of hits and the size of the task involved in screening citations for inclusion, which can create practical problems for Health Technology Assessments which are required to produce reports within time constraints [9, 22] . For example, the searches conducted in MEDLINE and EMBASE for the review by Holmes et al. [5] only retrieved 37 of a possible 51 of the included citations (73 %) that were indexed in these databases. This represents a relatively low retrieval rate. The search strategy does appear to have been less sensitive than most other reviews with the exception of those by Simpson [15] and Goodacre [16] , which applied the same or more limitations in terms of including all possible elements of a search (see Table 5 ). However, the searches from this review also generated the second largest number of citations for screening (13, 075) ; the largest was one of the reviews with the least sensitive searches: Simpson [15] with 15,824 citations. The need to maintain manageable numbers for study selection screening would explain the development of these less sensitive searches.
Although the use of filters is not recommended for reviews of diagnostic test accuracy studies, some of the reviews in this sample pre-date this guidance from Cochrane and NICE. More importantly, it should be noted that the aims of Health Technology Assessments differ from Cochrane reviews: HTA reports address questions that are more complex than just a question of diagnostic accuracy, for example, the opportunity costs of implementing diagnostic strategies vs going straight to treatment. It is often strategies that are being compared, not just tests. So, in many of these reports, there are a number of other questions also being addressed and searched for, including adverse events, quality of life and cost-effectiveness. Working within time and resource constraints to produce such reports might require a more pragmatic approach to searching, such as the application of filters, when otherwise sensitive searches produce unmanageable numbers of citations [8, 22] .
Twenty-two citations (7 %) could not be identified by the proposed method of searching just MEDLINE, EMBASE and the references of retrieved citations. Twelve of these citations were abstracts. Published abstracts should not be ignored, especially because studies included in systematic reviews of diagnostic test accuracy can take the form of ad hoc analyses rather than registered trials. They might offer key data for assessing and managing publication bias [23] and, for some topics, these data might be vital for a review's findings, especially for tests about which little has been published, for instance if the technique is novel [24, 25] .
It is true that the usefulness of abstracts might be limited by their lack of detail, which can prevent a meaningful assessment of risk of bias and can render data more uncertain. However, in this case study, all of the abstracts missed by the searches of MEDLINE, EMBASE and the reference lists did satisfy the reviews' inclusion criteria and were used in their analyses. It should be mentioned also that the majority of the reviews performed narrative synthesis rather than meta-analysis, so the impact of their possible omission is difficult to quantify. However, given the very small proportion of "missing" studies, their impact on the findings on the respective reviews is likely to have been minimal.
The diagnostic topics covered by the nine systematic reviews were diverse and were undertaken over an extended period (2004-2014), so, other than their conduct by a single centre, this does not represent a particularly restricted sample. This evidence indicates that an approach that involves searching MEDLINE and EMBASE using strategies constructed by applying standard systematic review techniques, then carefully checking the references of included papers, is likely to be more than sufficient for a systematic review of diagnostic studies. In this way, only 22/302 (7 %) of citations would have been missed across nine reviews and, in four reviews, no citations would be missed at all. Such a level of omission is unlikely to adversely affect the findings of systematic reviews of diagnostic test accuracy: it has been demonstrated that a larger percentage of missed studies had little effect on meta-analyses of a sample of diagnostic test accuracy reviews [11] . This approach would also save a great deal of time and effort and, given the smaller numbers of citations needing screening, would possibly also reduce the risk of reviewer error in selecting citations for potential inclusion. This would permit a more rapid evidence synthesis, whilst not compromising systematic review principles or increasing the risk of bias [22] .
Limitations
This study used a small, non-random sample of diagnostic test accuracy systematic reviews. This was done for reasons of pragmatism: first, because the authors had full access to the search strategies and reference databases of these reviews and, second, because of the exploratory nature of this project. We also assumed that the vast majority of the included citations in the reviews were located through screening of titles, abstracts and full papers. We have also assumed, because the number of studies missed by operating the proposed MEDLINE, EMBASE and reference tracking strategy is so small that the findings of the systematic reviews would not have been greatly affected by their omission. However, this is uncertain and can only be assessed statistically by excluding those particular studies from the many analyses reported in the reviews, although, as noted above, most of these reviews conducted narrative synthesis. Such an analysis is a major task to undertake retrospectively and has therefore not been completed in this exploratory study. Future work should test the findings of this small study in a larger, preferably prospective sample of systematic reviews from multiple institutions. If possible, statistical analysis should also be undertaken to quantify fully the impact of omitting any data from studies that might otherwise be missed [11] .
Conclusions
This small study seeks to add to the otherwise limited amount of research in this field. It differs from Van Enst and colleagues [10] by indicating that systematic reviews of diagnostic test accuracy studies do require searching of both MEDLINE and EMBASE, rather than MEDLINE alone, if they are to successfully identify all or almost all relevant citations. It also differs from Whiting and colleagues [12] by indicating that a search conducted using MEDLINE and EMBASE alone, supplemented by standard reference checking, was able to successfully identify all or almost all relevant citations: The searching of multiple databases is therefore not required. Depending on the topic, the search of a database of conference proceedings might also be required. The process therefore becomes more simple, contained and arguably more efficient, whilst not increasing the risk of bias or compromising the key principles of systematic review.
